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Both mesons and baryons are constructed from a set of 
three fundamental particles called aces. The aces break up 
into an isospin doublet and singlet. Each ace carries baryon 
number 1/3 and is fractionally charged. su3 (but not the 
Eightfold Way) is adopted as a higher syrr..metry for the strong 
interactions. The breaking of this symmetry is assumed to be 
universal? being due to mass diffe:rences among the aces. 
Extensive space·-time and group theoretic structure is then 
predicted for both mesons and baryons, in agreement with exis-
ting experimental information. Quantitative speculations are 
presented concerning resonances that have not as yet been 
definitively classified into representations of su3• A weak 
interaction theory based on right and left handed aces is used 
to predict rates for ll~sl = 1 baryon leptonic decays. An 
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We wish to consider a higher syrrmetry scheme for the strongly 
interacting particles based on the group su3• The way in which this 
symmetry is broken will also concern us. Motivation 9 other than 
aesthetic? comes from an attempt to understand certain regularities 9 
described below 9 in the couplings and spectra of particles and resom,r..ces. 
Since we deal with the same underlying group as that of the Ei:~htc-
1 ) 9 2) fold Way particle classification will be similar in the two 
models. However 9 we will find restrictions on the representations thEtt 
may be used to classify particles 9 restrictions that are not containEu 
in the Eightfold Way. The (N 9 f\ 9 2:~~) and the pseudoscalar mesons 
will fall into octets; the vector mesons will be grouped into an octet 
and singlet 9 where the two representations will mix by a predictable 
amount when unitary symmetry is broken; while the (.6£(1238) 9 2:_S(1:;,.;:.::5). 
- 0(1530) 9 fi 6 (1686)) will form a decuplet in the usual manner. '.L
1he 
choice of 1 9 8 9 and 10-dimensional representations for baryons 9 along 
with 1 and 8-dimensional representations for mesons will be a natural 
consequence of the model. 
A simple mechani£1m for the breaking of unitary symmetry will be 
presented. Mass formulae connecting members of the same representation or 
members of different representations will follow. The meson and baryon 
mass spectra will be related to each other. 
The Eightfold Way does not allow a unique determination of the 
baryon-baryon-meson interaction. Two types of coupling 9 known as F 
and D 1 ) 9 are possible. The model we shall consider will suggest 
what ratio of F to D coupling is to be taken. We will also see that 
relations between coupling constants that govern the interactions of 
different representations may exist. For example 9 for the octet and 
singlet of vector mesons ( p 9 K* 9 w8 ) and w 0 we will find a natural 
connection between the amplitudes for w 8 ~ .P + 7f and w 0 ~ f + Tr 




The model will allow a simple extension to include the weak interact-
The conserved vector current theory 3 ) 1 and the ~ S/6 Q = +1? 
j.6.rj = 1/2 rules for leptonic decays will follow naturally. Rates 
for hyperon (3- decays will be given. 
We have included two sections where we quantitatively speculate 
about the application of our theory to resonances that have not as yet 
been definitively classified into representations of su3 ~ 
II. THE MODEL 
8419 
The Eightfold Way and our model differ in the way particles or 
resonances are constructed. In the Eightfold Way, the 8 pseudoscalar mesons 
may be thought of as bound states of a fundamental triplet (p ,n? /\). For 
+ - -example, the 7T would be represented by np 1 the K by p /\q etc. 
In the language o:f group theory, the 8-dimens:Lonal representation o:f su3 
containing the mesons is included in the 9-dimensional baryon x antibaryon 
cross product space 9 i.e. 9 3x3 = 8+1. However 7 if as in the Sakata model 4) 
we attempt to construct the baryons out of this triplet (for example 
n ~ ppn, ~ ~PAA 9 etc.) we are no longer able to classify them into 
the familiar group of 8 particles. The difficulty stems from the fact that 
the eight-dimensional representation describing the baryons is not contained 
in the 27-dimensional antibaryon x baryon x baryon cross product space 9 
3x3x3. In the decomposition 3x3x3 = 3+3+6+15 9 only the 15-dimensional 
representation can accommodate all 8 baryons. Unfortunataly 9 this repre·-
sentation contains other particles whose masses may be predicted by the 
Gell-Mann - Okubo mass formula 
m - m0 { 1+aY+b [ I(I+1) - 1/4Y
2]1 (2.1) 
Since these particles or resonances do not seem to be present in nature 9 we 
must abandon the Sakata model and work with the 8 baryons themselves as 
"fundamental" units. 
There is 9 however 9 another possibility based on a genuine desire to 
keep certain elements of the Sakata model. If we build the baryons from a 
triplet of particles (po,no? /\,o), (po ,no) being a strangeness zero 
isospin doublet and /\ 0 a strangeness -1 singlet, using 3X3X3 instead 
of 3x3x3 we find that classification of baryons into a set of 8 is 
possible since 3x3x3 = 1 +8+8+1 O. We note that the 10-dimensional represent·-
ation is present so that the 6 6 decuplet may also be constructed from 
our three fundamental units. The 27-dimensional representation and the 15-
representation which occur naturally in the Eightfold Way and which do not 
seom to be used by nature for the baryons are suggestively absent. 
8419 
The only difficulty is that now the baryons seem to have baryon 
number 3. This we get around by assigning baryon number 1/3 to each member 
of thG basic triplet, which leads via the Gell-Mann - Nishijima charge 
- 1 - 5) formula 9 Q = e [r +1/2(J3+S) 1 9 to non~-integral charges for (p ,n 9 /\ ) • z - . 0 0 0 
The isospin doublet (p 9n ) contains charges (2/3 9-1/3) while tho 0 0 
isospin singlet I\ has charge -1/3. We shall call po9no? or /\ 0 0 
an "ace 11 • Note that the charges Of the BOGS aro just thOSG of (p,n, f\)? 
but shifted by a unit of -1/3. The isospin and strangeness content 9 
along with space-time properties 9 remain the samo. 'rho ace properties 
are summarized in Table 1. We will work with these aces as fundamental 
units from which all mesons and baryons are to be constructed. 
Perhaps it is best to state ahead of time the point of view we hold 
regarding this model. su3 is the group of rotations in a three dimensional 
vector space (over complex numbers). The Eightfold Way singles out for 
special consideration objects in this space that have remarkably complicated 
transformation properties (second, third, and fourth rank tensors correspond-
ing to 8? 10 9 and 27-dimensional representations). In a manner of speaking 9 
the Eightfold Way is a theory based on a vector space without vectors. We 
focus our primary attention on vectors (aces) in this space where su
3 
operates. It is our hope that in so doing we will better be able to express 
certain symmetries and asymmetries present in nature. Whether or not these 
vectors correspond to physical particles is of course impossible to say. 
The validity of many of our results may not be taken as direct 
evidence for the existence of aces 9 at least not if we are to believe that 
the world is as complicated as most modern theories make it out to be. For 
example 9 baryon mass formulae will be obtained by a linear treatment of the 
aces 9 but particle physics' has taug:h"t us that linearity of this type should 
be most unreasonable. On the other hand 9 saying that the vectors or aces 
are some kind of spurions, fictional particles that help in computing con-
sequences of symmetry, is also not correct. Aces, unlike conventional 
spurions, bind and have physicEilly observable mass differences. The model 
we shall consider is quite peculiar. It is too simple to be literally 
valid, yet too complex to be understood in conventional terms. 
III. THE BARYONS 
8419 







(A1 ,A2 ,A3). In order to construct the states representing the eight baryons 
we consider the reduction of the 27-di.mensional cross product space of 
"treys" A AbA a c 
6) (a?b,c = 1 92,3) 
3 x 3 x 3 10 + 8 
into irreducible representations 
(3. 1) 
+ 8 + 1 
7) 
Here T 
abc? is totally symmetric in its indices and will represent members 
of the l;). & (1238) decuplet, while being 
explicitly given by 
T = _2._ (T -T +T -T ) 
ab,c 2\['2 abc acb bac bca 
(3.2) 
and will be taken to represent the nucleon octet (T could of course 
ac,b 
be used just as well). T is totally antisymmetric in a,b,c and 
a,b,c 
allows for the existence of an I = o, S = -1 singlet to be identified 
with the /\ ).:> (1405). The fact that the /::, E:; does not seem to belong to 
the 27-dimensional representation 8 ) or the 10-representation of su3 
may be taken as a prediction of this model. 
A. The Baryon Octet 




n :::: -T22,1 = 2T12,2::: 1/ '12('r212-T221) 
/\o = - y12/3(T13 9 2~-T23i1) ""·i/ \[1i('.r123-T213+T231-T132+2T321-2T312) 
L+ = -T11 i3 = 2T13,1 :::: 11 J2(T131-T113) 
'L.0 - 2 T12
9




1) == 1/ 2 ('1'123+T213-T132-T231) 
(3.2) 
" 
:::: T22 9 3 = 
2m 1/ /2(~~223-T232) - :12·~ ,.., -· L.. 
- ? t:.. 
_o 
T33 9 1 -
2T13 9 3 
1 I I/ 2 ( T 3 31 -T 31 3 ) - = :::: == 
-
::: 
-T33 9 2 
:::: 2T23 9 3 -· 1 I ,12 ( T 323-T332) 
I = 
z 
For example, by inspection of the subscripts, 
(-1/2)+(-1/2)+0 and strangeness S = o+o+(-1). 
T22 , 3 = 2:_ has 
Note that the non-
integral ace charges ( 2/3? ·-1 /3? -1 /3) are forced on us when we assume 
that the baryons are constructed from the. aces as in (3.2). In the limit 
of unitary symmetry the 3 aces are indistinguishable and all baryon states 
have the same structure and masJ. This is represented in Fig. 1a 9 where 
we have drawn the unitary symmetric limit of the trey 
the octet members are constructed. 
T 
abc from which 
The mass m(T b ) of a baryon 
a 9 c 
T = ( 1 /2 '/'2) ( T b -T b+Tb -Tb ) ab,c a c ac ac ca 
may be thought of as the average of the 




of ·· Tabc'" Tacb 9 Tbac 9 
by 
m(T b ) = m(a)+m(b)+m(c)-Esb -ES -E8b 
a c a • a. c . c 
and 
where m(a) is the mass of the ace a and the ES's are octet binding 
energies 10 ). The baryon masses are given explicitly in Appendix A. In 
the limit of unitary symmetry we have m(a)=m(b)=m(c), ESb =E8 d 9 s a • c • 
ES =E i ES =ES so that the masses of all the baryons are identical. 
a.b c.d .ab .cd 
8419 
7. 
We now assume that unitary symmetry is broken due to the fact that 
the singlet A3 is heavier than tho doublet (A 1 ,A~) 11 ), in analogy to 
the Sakata model where the /\ was assumed heavier than the (p ,n). The 
baryons now break up into distinguishable groups, so that instead of Fig. 1a? 
we have Fig. 2. As a first approximation, neglecting differences in 
binding energies? we immediately find that the baryons increase their masses 
12) linearly with strangenoss 9 i.e. , 
m( I\ ) ::::; m( >-:: ) (m( 2::..)+m( f\) )/2 ~ (m( ~ )+m(N) )/2 
(1115) (1193) ( 11 54) 
(3.3) 
( 1127) 
The /\ and [ masses are expected to differ? however, because tho ace 
A3 is bound differently in tho two cases. 
A natural assumption concerning binding energies would be 
I ( 8 8 ) ~ 8 8 1 2 E33 +E ~ E3 =E3 (3 , • (){ (3 • 0\. • • (3.4) 
where We then obtain in second approximation the familiar 
(m(N)+m(::_))/2 = (3m(/\ )+m(r_ ))/4 (3.5) 
(1127) (1134) 
It is interesting to note that if one assumes that tho breaking of 
unitary symmetry by electromagnetism takes place by virtue of the fact that 
the A2A1 mass difference is not zero, then independent of the values of 
tho binding energies we have tho mass difference equation 14 ) : 
(3.6) 
(6 :!: 1.3) (7.0 :!: 0.5) 
Assuming that A2 (tho more negative member of the doublet) is heavier 
than A1 and neglecting shifts in binding energies due to the electro-
magnetic breaking of tho symmetry we find the qualitatively correct result 
8419 
8. 
that within any chargo multiplct 1 the moro negative ti.10 particle, the 
heavier the mass. Fig. 3 shows the baryon octet after su3 has been broken 
by the strong and electromagnetic interactions. 




8 ~E 12. 
B. The Baryon Decu2le~ 




Tho docuplet states aro also constructed from the troys Tabc" 
However, the bindings botwoon the aces that form the decuplet may be 
different from the bindings that were used to form the octet. This is 
exemplified in Fig. 1b. The difference between octet and decuplet ace 
bindings is essential, for only in this way are we able to allow for the 
fact that a JP = 1/2+ octet of baryons exists while a decuplet with the 
same spin and parity is absent, The model we are considering is unable to 
tell us which of the representations 1, 8 or 10? if any, is to be used for 
a particular baryon spin parity assignment. Nevertheless, once we know of 
the existence of a baryon singlet, octet, or decuplet, we are able to 
derive properties of its member states. We will now consider the case of 
Sl.£ 1686). 
/\& (1238), 2-.s (1385), - 1; (1530), a baryon decuplet as applied to 




T111 ? = T1 ·11 b.s = 
+ 1/ v'12 Ti 12? 1/V3 (T112+T121+T211) 6~ = = 
0 1/ {12 T221? 1/ J3 (T221+T212+TI 22) 6~- = = 
Cl 
6~ = T222? = T222 
+ 
·1/ -J12 T113 9 1/ ~3 (T113+T131+T311) (3.9) ,. = = L..s 
0 1/ J6 T123? 1/ -./6 (T123+T231+T312+T132+T321+T213) ~s = = 
- 1/ J12 T223 9 1 /-../3 (T223+T232+T322) 2:. & = = 
_o 
= 1/ '112 11331 ? = 1/fi (T133+T313+T331) 
-i; 
- 1/ {12 T332 9 11 v3 CT233+T323+T332) = --s 
-
n& = T333 9 = T333 
In the limit of unitary symmetry A19 A29 and A3 are indistin-
guishable so that the ten states are completely degenerate. As for the 
baryon octet 9 we assume that unitary symmetry is mainly broken by virtue 
of the 1ict that A3 is heavier than A1 and A2• The objects of the 
decuplet will no longer be identical but appear as in Fig. 4. Neglecting 
shifts in binding energies due to the breaking of unitary symmetry 9 it is 
clear that the decuplet resonances increase their masses linearly with 
strangeness 9 so that we obtain the analogue of equation (3.3) 
m(2:_ 0 )-m(~~) ~ m(~S)-m(L~) ~ m(.Q~)-m(=.b) (3.10) 
(147) (145) (rv153) 
At first sight it may seem surprising that (3.10) works much better than 
(3.3) even though both these relations are obtained in the same degree of 
approximation. However 9 if we go to the "next order" and assume for the 




we find that the analogue of (3.5) is 
which is just relation (3.10) 
There exists one more interesting decuplet mass formula. Independent 
of the binding energies we find 
m( SL ) 
b 
(rv1686) 
= m (L\ ) + 3 ( m ( =. & )-m ( [ £, )) 
(1690) 
15) 
Since the decuplet and octet are constructed from the same set of 
particles 9 we may try to obtain a formula relating the masses o:f the two 
different representations. For example 9 
( - ) ( ) ( ) ) ( 10 10 10 10 10 10) m .::... c -m I., = m 3 -m( c< ·-1 /3 E33 -E +E3 3-E, +E 33 -E 0 • 0 • O\r· . o,.(?> • •o<(.!> (3.13) 
( o< 9 (!:, = 1 9 2 depending on the charges we take). Now 9 m( /\ )-m(N) 9 
m( L. )-m( N) 9 m(::=: )-m( I\ ) 9 m( ~- )-m(L. ) all contain the difference 
m(3)-m(o<) and are of roughly the right order of magnitude. Assuming that 
we obtain 
E 10 -E 10 
3.3 o<•P., 






Note that we do not expect this equation to hold exactly, even in the limit 
o:f unitary symmetry~ first, because th~ spins. and hence the ace dynamics 
or binding energies differ for the two representations1 second, because 
octet and decuplet bindings may differ intrinsically, even though the 
memlrnrs of the octet and decuplet havo the same spins and :pari tios. 
Once again assuming tha,t the A2A1 mass difference accounts for 
the electromagnetic breaking of unitary symmetry we obtain as counterparts 
to (3.6) : 
m( h.~)-m(L:~;) - 1/2(m(L1Z)-m(6~)+m( 6.~)-m( 6.+t)) 
m(r:_~)-m(L:) = 1/2(m(~~)-mC~-~)+m(6~)-m( 6+b+)) 
m(z:~)-m('L_~) = 1/2(m(-::-~)-m(-::- ~)+m(tl ;)-m(6_b0 ) ) 
Because of the success of relation (3.8) we are tempted to assume 




Figure 5 shows the baryon decuplet after su3 has been broken by the 
strong and electromagnetic interactiuns. 
Relations between electromagnetic mass splittings in the baryon 




E 1 0 -E 10 10 1 0 ·10 10 8 8 
22. 11. :::::: E2. 2-E1. 1 ~ E. 22-E. 11 f'::J E22.-E11. 
E 10 -E 10 . 1 0 1 0 10 ""'10 8 8 
:::::: E2 2·-E1 ') :::::: E, 2 2-.b;. 1 2 f'::! E22.-E12. 22. 12. • G L_ 
E 10 -E 10 10 10 10 10 8 s 
23. 13. :::::: E2. 3-E1. 3 ~ E. 23·"E. 13 f'::i E23.-E13. 





- +)16) - + 
m() )-m(" ~ m(Y, )-m(L. ) 
-b L~ 
(17 ± 7) (s.25 ± 0.65) 
m(-=- -)-m(-:- 0 ) ~ m(-_- -)-m(::::_ 0 ) 
- t - b 
(?) (6.0 ± 1.3) 
8 8 ~ E2.2-E1.1 
8 s 
:::::: E2, 2-E1. 2 (3.19) 
~ Es Es ~ Es s ~ 2.3- 1.3 ~ .23-E.13 
(3. 20) 
Using methods different from ours 9 Oakes 
17 ) and Rosen 18 ) have obtained 
not only the equations (3.16) 9 but also 
= m(" -)-m(~ +) 
L'i-, -t, (3.21) 
(17 ± 7) 
We are unable to obtain this result without the further ad hoc assumptions. 
In fact 9 in our model it is natural to expect that within any baryon charge 
multiplet 9 the more negative tho particle 9 tho heavier it is. Consequently 9 




which is in contradiction with Oakes and Rosen's result {3.21) if we 
believe in the large L -""""+ mass difference that is implied by either 
& Lb 
experiment or by our relation (3.20). Consequently? a measurement of the 
- + L: b 1 S mass difference is of some interest. 
C. The Bar_yon Singlet 
The /\ ~ ( 1405)? in the limit of unitary symmetry? is shown in 
:)!'ig. 1 c. Figure 6 indicates the f\ j.> when the symmetry is broken by the 
strong and electromagnetic interactions. Since the /\/i is a unitary 
singlet nothing quantitative can be said about its mass. 
IV. THE VECTOR MESON OC'.I.1ET: AND SINGLET 
8419 
Meson states are built from the same units (A1 ?A2 ?A3) as the 
baryons" They arc contained in the anti-ace x ace cross product space 
(4.1) 
-3 x 3 8 + 1 
where Aa stands for tho anti-ace of A • Because of the nature of the 
a 
decomposition of 3 x 3 9 mesons can only fall into groups of 8 or 1. The 
Eightfold Way would allow, in addition, groupo of 10? 10 9 and 27, possi-
bilities which nature does not seem to take advantage of~ We have 
pictorially represented in Figs. 1d 9 1e, tho two possible meson represent-
ations in the limit of unitary symmetry. In order to explain tho experi-
mental data it is necessary to assume that the octet and singlet AA 
bindings are the same, at least for tho vector meson case. 
The vector meson states are given by : 
D1 0 1/ \)2(D~-D~) + D2 f = ? = p = 2 .\ 1 
K.Y~o D3 K~H 3 -l<·- D1 R'*O D2 
= = D1 K = = 2 3 3 (4.2) 
- 1 2 3 
Wg = 1/V 6(D1+D2-2D3) 
for the octet 9 and 
u_Jo = 1(\13 D~ = 1/D(D~+D~+D~) (4.2a) 
for the unitary singlet. In the limit of unitary symmetry the masses of 
the singlet and octet must be the same because the binding is identical in 
both representations and all aces are degenerate. It is important to note 
that this is not the case for baryons where we have assumed that the 




Unitary symmetry must be broken for the mesons in exactly the same 
way as it was broken for the baryons, that is? the isospin singlet 
(or its anti-ace A3) must become heavier than.the isospin doublet 
Breaking -foe symmetry by giving A7 a lo.rger :Glass not only splits the J 
masses of the eight vector mesons, but it also mixes the singlet (._;_) 
0 
with 
the I :::: 0 member 7 '..08 , 
ly observable particles 
of the octet. As a result of' mixing the physical-
w and cp are formed. Since becomes dis-
V..J 
0 
and must mix in such a way as tinguishable from A1 and A2 , 
to separate (A1 ,A2) from A3• This inmediately leads to 
(4.3) 
The plus and not the minus sign that appears in the 11 deuce 11 expression for 
L.u distinguishes the L..u from the ~ 0 • Figure 7 shows the· vector meson 
states after unitary symmetry has been broken. Using the empirical fact 
that when dealing with mesons one must always work with squares of masses, 
and neglecting changes in the bindings due to the breaking of unitary 
19) 
symmetry, we immediately have 
2 2 
m (w) ~m (p) 
(784) 2 (750) 2 
m
2 (cp) ~ 2m2 (K*)-m2(f) 
( 1 01 8) 2 ( 1 007) 2 




These relations continue to hold when we include binding energy 
effects if we assume the meson analogue of (3.4). 
8419 
1 6. 
comes out to be 
SIN 0 = '\/1/3 cos (9 -- 12-/3 (4.7) 
as compared with the empirical value of cs Rj 38° 20 ) 
Only now has the real power of dealing with three basic objects 
become apparent. When working with the baryons, one could easily say, for 
example, that the more strangeness a particle carries, the heavier it is. 
But by using the basic triplet of aces we are able to say, after inspecting 
the baryons, that for an octet and singlet of mesons it is a non-strange 
particle that is heaviest of all: for it contains more A3 than the 
strangeness carrying meson does. 
Interestingly enough, we are able to improve equations (4.4) and 
(4.5). If we define the traceless matrix V of the vector meson octet in 
the conventional way 
v 
- 0 ,-
1..-08 /'\/ 6 - ~/\J 2 
K -K--
and let the matrix G be given by 
w /'\/3 
0 





for the mass terms in the square of the Hamiltonian 
stands for trace while 
2 ( 2( *) 2( )) m1 = 2m K +m ~) /3 
and 











More generally 1 however 9 we may write for the mass torrn.s in tho 
square.of the Hamiltonian 1 
2 2 
whore we troat tho terms in m3 to m6 2 -the term m3 Tr G Tr G is invariant under 
(4.10) 
0 
as perturbations to H;. Since 
SU while the terms multiplying 3 2 2 2 
m49 m5, and m6 are not? we might expect that to a good approximation we 
only noed keep tho perturbation TrGTrG, i.e., 
H2 2 2 ---- H1 +rn.3Tr G Tr G (4.11) 
Doing this we immediately arrivu at 
(4.12) 
which is correct to tho known accuracy of the masses. 
V. THE PSEUDOSCALAR MESONS 
8419 
Lot us assume that in the limit of unitary symmetry we have nine 
pseudoscalar mesons of equal mass 9 just like the vector meson case. The 
members of the octet wo call (lT 9 K 9 lS) while the singlet is denoted by 
~o· Breaking the symmetry by increasing tho A3 mass yields relations 
analogous to (4.4) and (4.5) 9 i.e. 9 
where l 
from mixing 
and uJ o' 
and 7T ~ 
nl 8 and 
~ 2m2 (K)-m2 (lT) 
(690) 2 
aro the physically observable particles that result 
just as Cf> and UJ are mixtures of U,)8 
Furthermore 9 by using arguments identical to those given in 
the vector meson case 9 we obtain the analogue of the mass relation (4.12) 
Substituting the physical masses for Tr 9 K9 
comes out negative ! 
and "'\ we see that m
2 (Tf0 ) 
0 
Fortunately 9 we have an argument that alleviates these obvious 
difficulties 22 ). After increasing the A3 mass wo found m
2 ( TT~) ~ m2 (Tr). 
Therefore in this approximation 9 and this is tho crucial point 9 m2 (7T0 ) is 0 
very small compared to the mass square differences that exist among the 
pseudoscalar mesons. A small perturbation (one which changes mass squares 
by an amount small compared to changes 
may be enough to shift the mass square 
negative values. We might say that the 
initiated by the A3 mass increase) 0 
of the 77 
0 
down to zero or even 
IT 0 is formed from two very 
o. 
massive objects that are extremely tightly bound. Energy conservation 
leaves the TT ~ with n small positive energy or mass. If we introduce 
a perturbation that decreases the mass of tho fundamental objects or 
8419 
1 9. 
0 increases the binding str·ength then the Tf 
0 
may no longer possess a net 
positive energy and cannot correspond to a physical particle. This? or 
23) 
something like it may be the situation in the pseudoscalar meson case • 
It is interesting to note that we would not expect the remov~l of 
the w in analogy to the elimination of the Tr~· The perturbation 
given by (4.11) is expected to shift m2 (w) by an amount small compared 
to the mass square splittings induced by the increase of the A3 mass~ 
Since m2 (w) is larger than the vector meson mass square splittings there 
is no danger of the 
perturbation. 
w's disappearing through the introduction of a 
With the removal of the 0 7T we expect that the pseudoscalar 0 
mesons behave as an isolated octet. This is indicated in Fig. 8. Neglect~ 
ing changes in the binding energies due to the breaking of unitary symmetry 
we immediately obtain, by counting squares, the celebrated Gell-Mann -
Okubo formula : 
2 2 2 
m (K) ~ 3/4m (1_)+1/4m (Tt) (5.4) -X·) 
Neglecting diff~rencaa of binding energies within octets it is 
clear that we have the relation 
m
2 (K*)-m2(?) ~ m2 (K)-m2(rr) 
(0.22 GeV2 ) (0.22 GeV2 ) 
Note that although it is imperative to assume identical octet and 
singlet AA bindings for the vector mesons, it is by no means clear that 
a similar situation must exist for other meson representations. It :Ls 
possible that the pseudoscalar meson singlet 
"'l 0 is not bound and that 
the binding of WO and the equality Of the WO and Wg masses in 
the limit Of su3 symmetry is a very special circumstance, perhaps being 
due to principles that are not yet fully understood. Indeed, the vector 
mesons do enjoy a privileged position in that they are coupled to conserved 
currents. 
This relation continues to hold when we include binding energy 
effects if we assume the meson analogue of (3.4). 
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If we assume that :the A2.A1 mass difference accounts for the 
electromagnetic breaking of unitary symmetry we are unable to obtain meson 
mass difference equations that are ihdependent of the binding energies 
,L.analogues of (3. 6) and (3.16)J. The reason is that there are fewer 
independent electromagnetic mass differences among the mesons than among 
the baryons. Furthennore 9 attempts to generalize binding energy re~ations 
like (3.7) or (3.17) to mesons ends in failure (m2 (-n-:!:) ~ m2(n°)) 9 so 
that we are unable to say anything about meson electromagnetic mass 
differences. In Figure 9 we display tho pseudoscalar mesons after unitary 
symmetry has been broken by the strong and electromagnetic interactions, 
VI. VECTOR MESON DECAYS 
- . 
A. V -4 V+P 
In the ace model the vector - vector - pseudoscalar couplings (VVP) 
are easily determined pictorially. 
' I (-:~K*+1,-I ) how the coupling ' ,.__, ~ is 
As an example we indicate in Fig. 10 
obtained. Figure 11 further exempli:fies 
this graphical technique. In this manner we obtain the interaction given 
* * * -in Appendix B. For processes like K -~ K +TT or p-4 K +K we are just 
determining the su3 invariant interaction that is conventionally called 
D type coupling. Tho Eightfold Way would have given lts an identical 
answer. But unlike the Eightfold Way the ace model also tells us how u..J 
and cp couple. For example? 
is forbidden? (6.1) 
as indicated in Figure 12. Experimentally, the decay rate for 
this mode is depressed by at least a factor of 200,.as compared with what 
one might expect on the basis of phase space arguments. It is important to 
note that the coupling scheme we advocate contains within it information 
regarding the way unitary symmetry is broken 1 i.e.? cp -4 f +TT is 
forbidden after su3 is viciiated by the strong interactions; consequently 
we expect that this decay mode should be greatly inhibited. In fact? (6.1) 
is the coupling analogue of (4.4) and (4.5). Any theory based on the 
exactness of unitary symmetry and forbidding . cp -4 ,p 7r would be inadequate 
:for we know the symmetry is too badly broken to be consistent with the 
experimentally determined suppression of this mode. 
Using the G matrix defined in (4.8) and letting 
1 I v6 + 77° I V2 TT+ K+ 
p 
= TT 11 f6 - 7T0 I "12 Ko (6.2) 





one can easily show that the above coupling scheme is equivalent to letting 
the interaction Hamiltonian H. t be given by in 
IL t o<.. Tr G ( GP+PG) in 




found a similar situation when using the matrix formulation to derive 
m2 ( w) ~ m2 ( f ) • 
The f 9 K* 9 w and cp states given in (4. 2) and (4. 3) are 
eigenstates of the Hamiltonian H1 displayed in (4.9). It is interesting 
to ask for the eigenstates of the perturbed system determined by (4.11) 9 
i.e. 9 for 
(4.11) 
Only (/J= D~ and VJ= 1/f2(D~+D~) are affected by the perturbation. 
The perturbed eigenstates LU', and ~' are given by 
ql' =cos~ cp + srNp w ~ <.p+ f-> w 
(6.4) 
where 
-2 2 2 2 2 -2 2 ~ = V 2 m3 / ( m ( rp ) -m ( w) ) = ( m ( W ) -m (f ) ) / ( "12 ( m ( cp ) -m ( w ) ) ) 
The cp piece of cp' is unable to decay into f + 1T, as demonstrated 
in Fig. 12. But the addition of the term (:iw allows cp' to go to 
p + 71 just as w ~~+IT (virtual) ~Tr +71+/f~ The c........> flT coupling 
constant may be estimated from f°(eu ~ 3/T) = s.5 MeV. We find that if 
the cp 1 ~ p 1r coupling were the same as the w ~ ~-II coupling 9 
r ( cp I ~ .. fTI' all charge states) would equal 54 MeV 24 ). Experimentally' 
re Cf I ~ ~11) ~ 1. 0 :t o. 6 MeV 25 ) The model we are considering yields as 
a crude estimate 
8419 
all charge states) = 2 ~ 54 MeV ~· 0.3 ~ 0.11 MeV 
for m(u.J) = 784 + o. 9 9 m(? ) =. 754 t 5? or 
f\cp 1 -)fTI"? all charge states)/f-'(cp' total)~ 
z 0.3 ± 0.11/3.1 + 1 ~ 0.2-> 0.04 
23. 
(6.6) 
This is just at the verge of experimental detectibility. The quantity /32 
is very sensitive to the u.J p mass difference which accounts for the 
large errors give~ in ( 6. 5). To summarize, we have found that cp -) ? IT 
2 2 is forbidden to the order in which m ( w) = m ( ~ ) • The interaction 
responsible for the splitting of the V-J p masses also induces the decay 
((> -) f Tf with a strength proportional to 
B. V -> P+P 
Couplings for decays of this type may be computed with pictorial 
techniques similar to those used for V -) V+P. There is one essential 
difference 9 however. When forming ( /VVP/ ) we allowed V to act on 
V as exemplified in Figs. 10a 1 10b? and 10c. In Fig. 10b we see that an 
open and closed circle at the bottom of two deuces annihilate 1 which 
effectively multiplies the coupling by +1. Had this annihilation taken 
place between objects at the ~of two deuces we would also have multi-
plied our coupling by +1. A situation of this type is considered in 
Fig. 11. Now 1 it is perfectly consistent with su3 to use a +1 for 
bottom but -1 for top annihilations. This latter approach gives rise to 
what is called F type couplings. Whether we use F or D coupling for 
a particular meson interaction is determined by charge conjugation invariance. 
For VVP we are forced to D type 1 while for VPP we must use F. 
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The W - CfJ mixing that is implied by our model leads to the VPP 
couplings given in Appendix B. In matrix notation 
We may readily compute \ 1 ( cp _,, K+K) in terms of f' ( ~ -'> 1T +71) • For 
.a f width of 100 MeV 9 
( cp -'> KK9 all charge states) R::! 2 MeV 9 (6.8) 
as compared with the experimental value 26 ) of 3,1 :!:. 1 MeV. 
VII. BARYON COUPLINGS 
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The baryons (mesons) are constructed from linear combinations of 
treys (deuces). If we understand how to couple two treys Tabc? Tdef to 
a deuce D~ we will in effect know how to determine the baryon-baryon-
meson couplings (the upper indices on Tabc indicate that it is constructed 
from anti-aces). Two natural ways of proceeding are depicted in Fig. 13. 
We place the triangle representing the trey Tabc next to the triangle 
representing Tdef in such a way that corresponding sides match up. Then 
we see if the two triangles can annihilate with the help of the 11 dumb-bell 11 
that represents the deuce. Only aces and anti-aces lying on corresponding 
vertices of the triangles are allowed to annihilate one another, with or 
without.the help of the ace and anti-ace which lie on .the ends of the 
dumb-bell. For example? TabcT b 1Dd ( c I a 1 b: d I a 1 b: a -/. b; no a c c 
summation over repeated indices unless otherwise specified) gives +1 7 
TbacT Dd 
abd c = o, 
TacbT Dd 
adb c ::: +1 ? 
TcabT Dd 
dab c = 1 ? 
For cases like TaccT Dc 
ace c 
annihilation configuration. 
eta. As an example, let us 
help of (2.2) and (4.2) : 
TacbT Dd 
abd c = o, 
TcabT Dd 
abd c ::: o, etc.• 
TbcaT Dd 
adb c = o, 
TabcT . Dd 
adb c = o, etc.: 
TcbaT Dd 
dab c = o, 
TbacT Dd 
dab c = o, etc. 
(a I c) we count each physically distinct 
H TaccT D0 = 2 TCCCT D0 = 3 
ence, ace c 9 ccc c 1 
now compute the pn.p+ coupling. With the 
.. 
( 112 112 121 121 ) 2 = i/2 T T212-T T221-T T212+T T221 D1 
= 1/2(T112T212+T121T221)D~ 
= 1/2 + 1 /2 = 1 
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For + ~ ' 
< 17 o ~- o.+1 ) - 1/0(T331 _T313) (T -T )D2 ) - ~ 323 332 1 
=-1/2 - 1/2 = -1 
In this way we generate a coupling scheme which is conventionally called 
F type. There are, however, other possibilities. Let us label the 
vertices of the trey triangles in clockwise order by 1, 2, 3. We may then 
multiply the coupling by +1 or -1 depending on the particular vertex 
where the dumb-bell or deuce acts, rather than our more restrictive previous 
choice of +1 only. Most "natural" (which means that it is the first 
possibility we try) is to assign +1 to odd, -1 to even numbered 
vertices, i.e., 
etc. 
Using this coupling scheme, labelled ( + - +) for obvious reasons, we 
obtain the 11 F+D" interaction rather than the pure F of ( + + +). The 
other choices ( + - -) and ( + + -) yield D and F+D respectivelyo More 
complicated ways of obtaining su3 invariant interactions are discussed in 
Appendix c. 
It is important to note that in discussing the various trey-trey-
deuc e interactions we are determinine; not only baryon octet-baryon octet-
meson interactions, but also baryon decuplet-baryon octet-meson, baryon 
singlet-baryon octet-meson, etc. , interactions. Table 2 indicates various 
baryon-baryon-meson couplings that are induced by the coupling types we 
have discussed. The entries labelled S and T stand for singlet and 
decuplet interactions given in Appendix c. We shall concentrate primarily 
on the baryon-baryon-pseudoscalar meson interaction because of the wealth 
of available experimental information. 
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It is possible that nature uses a complicated linear combination of 
the coupling schemes we have mentioned, The F/D ratiowould then be 
determinable only by experiment or dynamical calculations. Howeverj if we 
require that the coupling be algebraically natural and of the simplest form 9 
we are automatically led to (+-+) or ( + + -) 9 that is !1..!2· Any other choice 
would not generate interactions in all representations. This assumption of 
simplicity is. consistent with all known experimental information and seems 9 
in fact~ to be required by existing data. This is discussed in Section IX. 
VIII. THE WEAK INTERACTIONS 
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We have obtained the result that /\ 
0 





an amount characteristic of tho gross mass splittings within an octet or 
decuplet 7 i.e. 7 
would undergo the 
just as 
150 MeV. We therefore expect that 
r::. -decays 
-1/3 +2/3 -
/\ ~ n +e + V 0 " 0 
+2/3 -~ p 0 +f.l + 2/ 
~ p+;I.( + v 
( 8. 1) 
(8.2) 
On the basis of the electromagnetic mass splittings within a given 







completely stable (like p) but allowing 
the decay 
-1/3 +2/3 -
no ~Po +e + }) (8.3) 
just as 
n ~ p+e-+)} (8.4) 




? and /\ 
0
• 
Consequently, it is natural to assume that reaction (8.2) takes place as a 
result of (8.1). Both of these decays are then governed by the same coupling 
constant. Since the /\ p and 
would expect that the /\ and 
/\ P mass differences are comparable. we 0 0 ' 
!\ (3, - decay lifetimes would be of the same 
0 
order of magnitude. 
that of the n. 




A theory of leptonic decays based on the fundamental reactions 
(8.1) and (8. 3) is in fact quite pleasing. · .. We assume that the weak decays 
of strongly interacting particles are induced by the weak decays o:f the 
aces which comprise them. The couplings (weak interaction Lagrangian) may 
be simply determined graphically. For example 9 we assume that a baryon 
undergoes /2-decay when an ace at one of the vertices of the triangle 
:representing the baryon decays into another a9e + e J 9 • while the aces at 
the other two vertices remain undisturbed. f!je immediately see that this 
is just the coupling type ( + + +) discussed in Section VII 9 yd th the meson 
replaced by e V~ From this follows : 
1) the conserved vector current theory for non-strangeness changing 
(D.s = o) leptonic decays~ 
2) the 11.),II = 1/2 9 Lis/~Q = +1 rules for IL1sl = 1 leptonic 
decays; 
3) is forbidden (s.5) 
i:f we demand that the same coupling type be used for the de..cuplet 
as for the octet of baryons [;See Table 2 1 entry (+++)_7. However 9 
the reaction 
is allowed. (B.6) 
27) . In analogy with previous work we assume tbat the space-time 
.. 
part of the weak interactions is to be written in terms of right and left 
28) handed aces 9 i.e. 9 a so-called 1 ~ <1 5 th~ory. Departures from this 
type of interaction are attributed to the breaking of unitary symmetry. 
Unfortunately 9 we are unable to estimate quantitatively how badly the 
symmetry is violated. However 9 neutron (3 ._decay affords us a hint in 
this direction. In the unitary symmetric limit we obtain for the inter-




where there is an uncertainty as to whether the + or 
27) (in this connection see Ref. ). Experimentally, 
sign is correct 
(8.8) 
If the + sign is to be used in (8.7) then there is a chance that the 
symmetry remains recognizable after it is violated, Table 3 contains 
predictions of the theory for l6sl = 1 r.:i-decays" The results are 
compared with experiment and the work of Cabibbo 29 ). Note that we have 
-~·.. ~ .. 
also included numbers for 2::_ -> /\ +e + v . The conserved vector current 
theory predicts that the vector part of this decay vanishes. We have 
assumed, in addition, that vector and axial vector should always enter in 
. equal strength. Hence, our model forbids this decay. To obtain some 
feeling for what forbidden means 1 we have assumed that unitary symmetry 
breaking interactions have changed 2:_ - 'i µ. ( o+o (S' 5) /\ to 
~ - d'N(0+0.25 '6 5) /\ much like .. n (_) (1+ (S' 5 )p becomes n ~g(1+1.25 ~ 5 )p" 
We then obtain a branching ratio of ~r( 'i_- -> /\ +e -+ V )/r( T_- total) ~ 
~ 10-5, which is compatible with the still very crude (9 events) experi-
mental result. 
The ace !\ 
0 
is also expected to undergo non-leptonic decays 
/\
-01 /3 +2/3 -
->po +71 (8.9) 
-1 /3 -1 /3 0 
/\o _, no + 7T 
If these reactions obey a l.L\I/ = 1/2 non-leptonic decay rule, 
then so will the baryon and meson non-leptonic decays. The rates for 
(8.9) are comparable to the rates for /\ non-leptonic decays since 








lifetimes are n·ot ·primarily 
determined by (8.1)? (s.3)? and (8.9). For example? if the AA system 
binds we might have 
-1/3 (--2/3 -+1/3) n _,, n+ p n 
0 0 0 





short-lived "resonances". Similarly for p 0 • 
However? a crude estimate of the AA mass indicates that (8.10) 
is energetically impossible. We argue as follows 
m(AA) ~ 2m(I)-E(AI) (8.11) 
where m(AI) is the mass of AA and E(AA) is the AA binding energy. 
Since 
m(antibaryon) - m(B) ~ 3m(A)-3E(AA) 
forbidding (8.10). 
m(AA) ~ m(A) + m(B) 
3 
(8.12) 
IX. OTHER BARYONIC STATES 
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On the basis of the results obtained in this paper we would like 
P I - ( ) to suggest the possible existence of a J = 3 2 baryon octet ~ 
and a JP = 3/2+ baryon s:Lnglet . (-ti) containing the following members 
z_ ( 1660), 
'6 
(octet); 
/\ b (1520) (singlet). 
The I\ 0 (1635) has yet to be discovered, although its effects may 
already have been observed. 
( 9. 1 ) 
This is to be compared with the Glashow-Rosenfeld 31 ) assignments 
of 
/\ ~( 1520) ?· --:- ( 1600)? 
-(5 .• (9.2) 
Note that the mass structure of the Glashow-Rosenfeld n- octet is 
untenable from our point of view for.the mass.differences bear no resem-
blance to those of the N, /\ , L ? .;_. The -:- 0 ( 1 6 00) has been looked 
for but has not yet been found. Furthermore,- there are indications that 
the parity of the /\ (1520) is opposite to that of the N(1515) 32 ). 
Using the F+D coupling, as indicated in Section VII, we have 
found partial widths for the o - octet. Results for the ~_octet and 
f, - singlet are shown in Table 4 and are in satisfactory agreement with 
experiment. Since the TTL decay mode of the /\ ~ is not dominant, it 
is not unreasonable to suppose that it has been missed in experiments 
looking for 7T '2_ enhancements 33 ) , 34). 
:Because m(/\ 0 ) ~ rn(2_ 15), there is the danger of confusing the two 
resonances. Bastien and Berge 34 ) have made a careful study of K-p 
elastic scattering in a region where the total energy in the centre-of-
mass system is ~ 1660 MeV. They find 
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r ( L 0 ~ KN) <, 4 MeV 
Unfortunately 9 the_ effects they attribute to the L '() may in part be 
due to the "!\ 0 • This experiment alone cannot disentangle the I = 0 
and I = 1 channels. The I = 1 
Alvarez et al. 35) in the reaction 
ctannel has been investigated by 
- - ~ K +p ~ rr+K +p. 
within the statistics based on their 1223 events 9 no 
is observed. They estimate 
r ( L 0 ~ KN) ~ 2 Me v 
which is consistent with our prediction 
They report that? 
K0 p enhancement 
(9.4) 
(9.5) 
Relations (9.4) and (9.5) are remarkable in that phase space considera-
tions alone would predict much la:r·ger widths. If Bastien and Berge are 
really seeing the combined eff'ects of /\ ~ and 2=_ 't then ( 9. 3) and 
(9.4) need not be in contradiction. 
We shall follow Glashow and Rosenfeld in assuming the existence of 
an c( - baryon octet composed of 
-0< 
(1972)?. (octet) (9.6) 
Once again we use F+D couplings to find the partial widths for the 
decay of this octet 9 as swnmarized in Table 5. In order to obtain some 
idea of the expected accuracy of these results we have included in 
Table 5 theoretical and experimental decay widths of the well established 
6 - de cup let 36 ) 
X. OTHER MESONIC S11WL:8 
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We consider it an open question as to whether meson octets and_ 
singlets must occur together 0-3'ee Section :!J. We pr·oceec1 with this in 
mind. 
Although the K (725) may be accommodated into a unitary sym..metry 
scheme without any partners 37 )? it is nevertheless interesting to assume 
that it is formed from AA and to apply therefore equatj_ons (5.4)? (5.5) 
to see where :L ts companions l:Le? if' they e:x:i::it, We find tho,t the I -- 1 
state while tho I == 0 resonance appears at 
rv775 MeV? within the rather broad p mass region? It iD well known ti1at 
an asymmetry exists in ? 0 decay ?•B)? v;h:t.le none is present in the c'1.ecay 
of charged p 1 So This asymmetry has been associated with a rapidly 
rising phase shift in the I = O? J = 0 or 2 7T7T system. This may :Ln 
fact be the 1 -;(· '.!'::; allow "'\ .,'f -> Tr+ 7T we want G parity +1. Spin 
zero is the sj.mplest choice and would also forbid the decay K-x-(888) -.' 
K (725)+ 7T which experi:;nentaLty seems somewhat suppressed 39 ). Hence? 
we take for ~ -~'. J~l?G = o+ + or 0- ~ If we pi.d:: 0- + then its part nor 
would be o··· ... with the principle decay mode being 37f IS., It then 
should have been seen i~ some ;f the experiments tha~ established t~e 
existence and quantum nurnbers of the 'Y\ ( 1::; r:; o) • s · ti · 1 · l ~~ ince no 11ng pecu ia~ 
+~ has been reported we are finally led to a tentative 0 assignment for 
* ++ -x- -1'-the 7T and 0 for the 'll " '.l'he smallest number of 7T 1 s the 7T ' 
could strongly decay into would then be 5 (3 j_s excluded by parity), bu~ 
energy conser'Ve.tion removes -Chi:::: possi;Jili ty, The principcl decay modes 
of the 7r 7'.- would then be 2 TT+ o (order D\. ) or 2 Ti (order ex. 2). 
Like ·the )'\. it should be p::c0 od.uced with a rather small cross-section. It 
has probably not yet been seen although there is a chance that it might be 
the ~ is detected most easily throueh its mode 
since 0 f is forbidden., 
With tho help of' unitary symmetry we find that 
\'("t total'./!( K total) Roi r('1* -~11rr)/!( \\ - KIT)== 1.15 (10o1) 
Since experimentally r( \-\ total) ( 15 MeV? total)< 17 lfoV. 
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It is tempting to put the B(1220) 4o) and the K*K or K*K(1410) 41 ) 
Existing data favours a 1 JP bump into the same su3 representation. 
assignment for the B 42), although the evidence is not conclusive. The 
B and the fo would then be considered decay modes of the same particle 43 ) 
Let us assume that JP == 1- is corroct. In order to facilitate the 
labelling of these mesons we adopt tho convention of Rosenfeld, Chew 
and Gell-Mann. The B: would then be called TT 0 while cp '6 vr ~1 'O 
would stand for tho bump at 1410 depending upon whether or not there is 
singlet-octet mixing. We use 1~ if there is only an octet of mesons. 
The two possibilities are 
K ()(1365)?, 




The masses have been obtained with the aid of equations (5.4) for (10.1)~ 
(4.4) and (4.5) for (10.2). Note that the orde~ing of the masses is just 
as we would expect. Moreover, the (octet+singlot) case has tho remarkable 
property 
2 ) 2 2 2 2 2 m (K 0 -m (7T'6) ~ m (K*)-m ( p) ~ m (K)-m (rr) ( 1 o. 3) 
which is good to known accuracy of the masses {jiee Equation (5.52J. 
The {) - mesons have two different types of decay channels open to 
them, as is exemplified by the 7f(S' which decays into TT/T(PP) and 
W/T(VP). Both the PP and VP modes are important, complicating any 
study of the (S' ~meson widths. Furthermore, there is the uncertainty of 
how to treat the L.u 0 - c{J~ mixing. Fortunately the ace theory suggests 
answers to these questions. First, w(S'- l(J'lf mixing must be the same as 
w- C(J mixing. Second, all couplings may be determined as described in 
Section VI. Briefly in matrix notation, 
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Hint ~ Tr V (S' (PG+GP) and (octet) 
and Tr (f '6pp (octet+singlet) ( 1 o. 5) 
where V '6 and G ~ are the (:{ - meson counterparts of the V and G 
matrices given in (4.8). The space-time part of the interaction has been 
suppressed. Finally 9 we might expect that 
( 1 o. 6) 
This latter result is obtained in the following somewhat indirect manner. 
The Gell-Mann ~ Okubo mass formula may be written for mesons as : 
where m0 and b' vary from one representation to another. b' may be 2 2 
considered a function of m , for m may be taken to label the represe~ ... ·: 
0 0 
ations. Equations (5.5) and (10.3) imply that 
This observation tempts us to assume that if we have two different meson 
representations of the same spin·-parity decaying into similar final states, 
h 'll'(m2o) 2 t e couplings o governing these decays have for their m0 depend-
ence ; 
2 2 o (m ) "' 1 /m 0 0 ( 1o.8) 
This would imply a connection between 
a) 71~ _,, 7T iT and f _,,Ti 1T; 
b) and 
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We obtain in this manner 
a) 
l ( T/0 ~TT TT1 all charge states) = 
( 594)





= 348 1220 1350) ( f->!f/I) = 88 MeV 
where 594 9 348 are 7/ 






r ( ~ ~ w Ti? all charge states) = 43 MeV 
are ) and 
37. 
( 1 o. 9) 
TJ:. masses: (f 
(10.10) 
where the W f frcoupling has been estimated from the 3 n- decay of the 
w. This yields 
r C7T ~ total) ~ 130 MeV (theory) 
as compared to ( 1 o. 11 ) 
!'( /T~ total) = 1 00 :!.: 20 MeV (experiment) 
and a fortiori equation (10.6). 
To obtain some feeling for the partial wi.dths of the 
we consider three cases. First we assume that only the PP 
are important. Then we take tho case where 
'?<;-mesons 
or VP channels 
l( T/0 ~ w/T? all charge states)/JCTl'll' ~Till~ all charge states) = 1/2. 
These results are summarized in Table 6a?b. 
We have also included partial widths for the mesons under discussion 
assuming them to be JP = 1 + ( f) ) instead of the more probable 1-( ~). 
There is satisfactory agreement with experiment only when the mesons form 
a nonet. 
XI. GENERAL C OJVIMENTS 
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The degree to which unitary symmeJ,;ry j_s violated seems precarious; 
it appears to chango from one representation to another. For the pseudo-
scalar mesons, for example, tho vj_olation seems enormous. Unitary syumetry 
2 2 2 2 gives m (IT)=-~ m (K)::: m ("Yi), yet? fo:t'-physica1 particles m (lf) <.< 
2 ,, l 
<<m-(K) R::J m<'.(l). :B'or the baryons, on the other hand, unitary symmetry 
m(N) = m(/\) = m(L_) = rn(-=-). In spite works reasonably well, predicting 
of these differences, our model suggests that the strength of unitary 
symmetry violation is the same in both cases; for the breaking of unitary 
symmetry is measur<.:!d by ace mass splittings, i.e. 7 
(m(A3)-m(A1))/rn(A1) 
and not by (m2 (K)-m2 (w))/m2 (rr) or (m(!\)-m(N))/m(N). The amount of 
unitary symmetry breaking is universal, it is the same for mesons as 
baryons, it is identical for octets and decuplets. This accounts for 
roughly the same mass differences within the meson octets, the baryon 
octet 1 and the baryon decuplet, irrespective of the masses of the members 
of these representations. 
Although our aces have "peculiar" baryon number and 
charge, their space-time properties should be identical to p, n, A 
(in this respect we may think of them as p, n, A with charge translated 
by a unit of -1/3). This places a restriction on the quantum numbers 
that a meson may possess. For example? for spin 0 or spin 1 non-
PG 








1 -+ for isospin 0 states; 
1 for isospin state?• 
Up to now no resonances have been found with these quantum numbers. 
Table 7 lists the low mass meson s·~ates that may be formed from AA. 
It is natural to associate th~ baryons with the lowest energy 
state of the trey system that r(;preseni:s them. This presumably means 
that the 3 aces are all in orbital angular momentum S states with the 
spin of one pair summing to 0, Similarly? the pseudoscalar mesons 
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39. 
would correspond to an ace and anti-ace whose orbital angular momentum 
and total spin are both 0 (i.e.? 1s 0 state). Since the parity of a 
nucleon (ace) and anti-nucleon (anti-ace) state are opposite, we see that 
the intrinsic parity of the pion should be odd while that of the nucleon 
should be even. 
If aces exist? they most probably interact strongly, like the 
nucleon or pion. There are other possibilities? however? which must be 
kept in mind when designing experiments to detect the aces. For example? 
there may be an interaction, stronger than the strong interactions, which 
governs the behaviour of aces causing them to bind to form mesons and 
baryons. In this model the strong interactions would be viewed as "some 
kind of van der Waals' force". Just as two isolated electrons do not 
interact with a van der Waals' force, so two aces do not interact strongly. 
The ace-like structure of a system would then be discernible at distances 
measured in terms of the masses of the particles which bind tho aces 
(r.ot the pion mass). Consequently high momentum transfer experiments may 
be necessary to detect aces. 
XII. CONCLUSIONS 
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The scheme we have outlined has given 1 in addition to what we 
already know from the Eightfold Way 1 a rather loose but unified structure 
. to the mesons and baryons. In view of the extremely crude manner in 
which we have approached the problem, the results we have obtained seem 
somewhat miraculous. 
A universality principle for the breaking of unitary symmetry by 
the strong interactions has been suggested. From this followed a quali-
tative understanding of the meson mass splittings in terms of the baryon 
mass spectrum 1 e.g. 1 m(f\) > m(N) implies that m(Cp)) m(K*)) m(w) ~ 
~ m( f ) . '.!.'he proportionately larger mass splittings within the pseudo-
scalar meson octet have been explained. Mass formulae relating members 
of different representations have been suggested 1 e.g. 1 
(m2 (w )-m2 ( f) )/2 ~ m2 ( ~ )+m2 ( p )-2m2 (K*) 
m
2 (K*)-m2 (p) ~ m2 (K)-m2 (71) i m(~ )-m(> ) ~ m( =: )-m( Z:J 1 etc • 
. ~ 0 
A universality principle for the breaking of unitary symmetry by 
the electromagnetic interactions has also been assumed. This has led to 
the qualitatively correct result that within any baryon charge multiplet 1 
the more negative the po.rticlo, the heavier the mass. Electromagnetic 
mass splitting formulae reJ.ating members of different representations 
have been suggested, e.g. i 
( --) (-0) rv (--) (-0) m:: -m - "'ill - -m - " 
- - -~ -E,, etc. 
Nature's seeming choice of 1 i 8 1 and 10-dimensional representations 
for baryons along with 1 and 8-dimensional representations for the mesons 
has been accounted for without dynamical or 11 bootstrap11 considerations. 




,A pictorial method for determining strong interaction coupling 
constants has been presented. A unique baryon·-baryon-pseudoscalar meson 
coupling has been suggested (.F+D). Wo have found that Cf -> ~ Tr is 
forbidden to the order in which m2 ( w) == m2 ( ~). The ·interaction 
responsible foT the splitting of the c.v \ maosos has induced the decay 
cf -> ~ lT with a strength proportional to 
[( > 2 ) 2 ) 2 . 2 )-\ 2 Lm (w -m ( ~ )/(m ( lf ) ... m (w ~ 
The quantum numbers available to a meson have been restricted ·co 
those which may be formed from the p,n? /\ and their antiparticles. The 
odd intrinsic parity of the pion and opposite nucleon parity fit naturally 
into the model. 
The theory has been quantitatively applied to resonances that h~~e 
not as yet been definitively classified into representations of SU7 " 
;J 
;\ 0 (1635)? K 0 (1318)? 1~(775) are particles to be watched for. 
Finally? a theory of the weak interactions has been considered. 
We assume that the weak decays of st:.~ongly interacting particles are 
induced by the weak decays of the aces which comprise them. From this 
followed : 
i) the conserved vector current theory~ 
ii) l6II = 1/2? lss/~ Q == +1 for j6til = 1 leptonic decays; 
Numerical results for hyperon (!:> - decay have been presented. 
There are? however 9 many unanswered questions. Are aces partic:.es ? 
If so? what are their interactions ? Do aces bind to form only deuces and 
treys ? What is the particle (or particles) that is responsible for 
binding the aces ? Why must one work with masses for the baryons and mas1:1 
squares for the mesons ? And more generally 9 why does so simple a model 
yield such a good approximation to nature ? 
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42. 
Our resu.l ts may be vie1J1..ad in several differen-0 ways" We might 
say 
1) the relationships we have established are accidents and our model is 
completely wrong. '11he formula mC=:J = (3m(~)#-m(N) )/2 is correct 
to electromagnetic mass splittings rmd yet seems entirely "accidental". 
It certainly would be no great surp::r.j_se if our mass formulae we::r.e 
accidents too. 
2) there is a certain simplj_city present? additional to that supplied by 
the Eightfold Way? but this simplicity has nothing to do with our 
model 4 7 ). For example, the Gell·-Mann ·- Okubo mass formula may be 
written for any SU 3 representation as : 
m 
2 
= m ~ { 1 + b 1 ( m;) [} ( I+ 1 ) -1 / 4 Y 2] 1 
for mesons 1 
for baryons, where m ? b 1 ? a, b 
0 
vary from. one representation to 
another. The quantities o' 1 a 1 and b may be considered functions 
of m or m2 • Equation 
0 2 0 
(5.5) may be "explained" by postulating 
that b 1 (m
0
) goes like 
if a(m ) and b(m ) 
0 0 
going for instance like 
b' (m.;) rv 1/m;. Equation (3.15) wo~ld follow 
were any slowly varying functions of m01 
1 /m • Relations of this type could undoubt·-
o 
edly result from many different theories. 
3) perhaps the model is valid j_nasmuch as it supplies a crude quaJ.i tative 
understanding of certain features pertaining to mesons and baryons. 
In a sense, it could be a rather elaborate mnemonic device. 
4) there is also the outside chance that the model is a closer approxi-
mation to nature than we may think, and that fractionally charged aces 




The author has enjoyed conversations with Dr. R. Armenteros, 
Dr. H. Bingham and Dr, J. Prentki. The author would also like to thank 
his wife for checking many of the calculations. 
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Appendix A 
The masses of the members of the baryon octet are: 
938.211 ! 0.01 = m(p) = 2m(1) + m(2) 
-
1
./ 2 ( E 11 • + E 12. + E 1 • 1 + E 1 • 2 + 2E • 12) 
939.505: 0.01 = m(n) = m(1) + 2m(2) 
. 1115.38 :!: o.to = m(/\) = m(1) + m(2) + m(3) 
1189.35 ! 0.15 ~ m(2:_+) = 2m(1) 
- 1/12 (2E12• + 5E13• + 5E23 • + 2E1•2 + 




1/ 2 (E11. + E13. + E1.1 + E1.3 + 2E.13) 
1193.2 !o.7 =m(L_0 ) = m(1) + m(2) + m(3) 
+ . . 
1197.6 - 0.5 = m(L_-) .~ 
1315.2 ! 1.0 = m(-=- 0 ) = m(1) 
1321.2 ! 0.3 = m(-=--) = 
-
1/ 4 ( 2E12. + E13. + E23. + 2E1 .2 + . 
E1.3 + E2.3 + 2E.13 + 2E.23) 
2m(2) + m(3) 
-
1/ 2 (E22. + E23. + E2.2 + E2.3 + 2E.23) 
+ 2m(3) 
-
1/ 2 (E13. + E33. + E1.3 + E3.3 + 2E.13) 
m(2) + 2m(3) 
- 1/2 (E23. + E33. + E2.3 + E3.3 + 2E.23) 
where we have suppressed the superscript 8 on all the binding energies. 
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46. 
The masses of the members uf' the baryon decuplet are: 
1238 ~ = m( L\+:) = 3m( 1) (E11 • + • 0 .) 
= m( 6.~) = 2m(1) + m(2) ;.,. 1/3 (E11. + 2E12. + • . . ) 
;:= m(6~), :: m(1) + 2m(2) 
- 1/3 (E22o + 2E12. + • • . ) 
= m( fl~) = 3m(2) (E,,,) .. ;.. 0 • ~) 
L..L... 
1375 :!: 4 = m(2=_?) = 2m(1) + m(3) - 1/3 (E110 + 2E13• +. • . ) 
= m(I_~) = m(1) + i:n(2) + m(3) - 1/3 (E12• + E13. + E23. + • . . ) 
1392 :!: 4 = m(I.-) = 2m(2) + m(3) - 1/3 (E22 • + 2E23. + • • .) . ~ 
= m(-:- o) "=-' m(1) + 2m(3) - 1/3 (E330 + 2E13 • + • • . ) -i 
1533 :!: 3 = m( ~~) = m(2) + 2m(3) - 1/3 (E ··· +2E23:+·. ... · .. ) :. 33, 
1686 :!: 12 = m(SL-J = 3m(3)·-· (E33. + • • . ) 
where we have suppressed the superscript 10 on all the binding energies. 
. ' ' 
The expression (E11 • + • • • ) stands for (E11 0 + E1 .. 1 + E ~ 11 ) , .· with 
similar meanings for the other nine cases. The values and errors quoted for 
~( ?:: ~) and m( r_ ~) are to be used to determine roughly the "[_-~ 1 ti mass 
difference. There may be systematic effects that equally shift both these masses. 
16) See reference • 
Appendix B 
The vector - vector ~ pseudoscalar meson couplings are given by: 
·--+ 0 + ' *+ 
K* (K* ff+ + 1//2 K* Tf 0 + 1/\/"2 foK+ + ~+Ko + 1/J2t;.)K+ - 1/J6 K ~ + 
+ cpK+) + h.c. + 
-:;o *+ *o . *o 
K (K lT- - 1/v2 K 71° - 1/V2 ?°K0 + ~-K+ + 1/\(2wK0 - 1/l6 K l. + 
+Cf K0 ) + h.c. + 
- 0 l3 (V2f-Tr+.+V2.f0 TT0 +v2f+rf +v2/3-wflri+ 1/l2K* K+ + 1/lz'"K K0 + 
( 0 + 
+ 1//2 K* Ko + 1//2 K* K-) + 
- *+ --~O 
·+ - + r.:J: + ' -o __,.. + f' (../2 w TI + V 2/3 ) l + K K + K K ) + h,c, -+ · ·· 




The vector - pseudoscalar ·· pseudoscalar meson couplings are determined 
to be: 
-+ . 
K* ( T{+Ko + 1/J2- 7T°K+ + \/3/2 ,,1 K+) + h.c. + 
*o -
K (IT" -K+ + 1/h K0 71° + \f372 "l K0 ) + h.c. + 
r/('12 77 ° TT+ + K+K0 ) + h.c. + 
y0 (v2 rr +TT - + 1//2 K+K- + 1//2 'K°K0 ) 
where the space~t~m~ part of the interaction is obtained by replacing the vector 
meson V by V~{ and the product P1P2 of two pseudoscalar mesons by 
( JNp1)P2 - P1( c).A;_P2) • 
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Appendix C 
We could consider an entirely different coupling scheme from that 
presented in Section VII where we do not restrict annihilations tO take place 
between aces and anti-aces at co~r~~ponding triangle vertices, that is 
(c.1) 
or 
. (c. 2) 
might no longer be zero (in these examples we as~ume c ~ a,b; d ~ a,b; a~ b; 
no summation over repeated indices). We call annihilations like the one given in 
(c.1), 11111 type while that of (C.2) is 11011 type. The 1 in "1" type indicates 
that aces annihilate at 'corresponding triangle vertices only once.·· When counting 
the number of annihilations at corresponding triangle vertices we do not include 
cases where the "dumbbell" or deuce helps. Hence (C.2) is 110 11 and not "1". We 
may also include the possibility of attaching minus signs to certain annihilation 
configurations. One natural way of proceeding is the following. We label the 
vertices of a triangle in clockwise order by 1, 2, 3. The action of a dumbbell 
on two triangles always picks out two vertices and hence two numbers. If these 
numbers are a and b, then we may pick a + or - sign for the annihilation 
(-1)a+b. We indicate this coupling scheme by the according to the value of 
symbol P (for permutation). Hence, (c.1) is +1 in 11 111 type coupling, -1 in 
"1P11 type coupling, and 0 in "0" and "OP" type coupling. Clearly 11 211 = 112P11 = 
the coupling type we have previously labelled in Section VII as (+ + +). Counting 
all distinguishable annihilation configurations we obtain the couplings given in 
Appendix Table 1. 
50. 
Only type (2 + 1)P generatescouplings in all three representations. 
We do not work with (2 + 1)P coupling in this paper primarily because it gives 
a F/D ratio that is incompatible wih our speculations on the ~-octet 
(Section x). 
Our no;rmalization has been s:uch that: 
·, a) S couplings are given by (/\ E, /J3) (pK- + nK0 + ••• ) 
b) F It II II II + (- _o TT pn - - + • • • ) 
. ~) D II 
" 
II II + • • • ) 
d) T II II :· . II II - --++ ( + V2 1:sc PTT -
0 
The detailed couplings may be' found in reference 36 ) 
·•1 .... t: 
~ : 
. ; .' 
:·.11··· 




Appendix Table 1 
Type of Coupling for 
Baryon --+ Baryon + Meson 
2 = 2P = (+ + +) 
2 + 1 
(2 + 1 )P 
2 + 1 + 0 
(2 + 1 + O)P 
Representation of Decaying Baryon 
Singlet Octet Decuplet 
--------------------~.-......... =·-- -
0 F 0 
0 3(F + D)/2 0 
-s 3(F - D/3)/2 T 
0 0 0 
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_, 2 5 
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T A B L E C A P T I 0 N S 
Table..1 Here I, s, B, Q, J, and P stand for isospin, strangeness, baryon number, 
charge, spin, and parity, respectively. The lower limit on the ace mass 
is obtained by requiring that it be at least 1/3 the mass of the 
b - decuplet. 
Table 4 M~pb' p, and f~ represent the mass of the decaying baryon, the final 
state momentum, and the width. Decay modes that have not yet been 
observed are included within parentheses in column 1. Al though the lT:::.. 
decay channel of the -=- ~ is suppressed by unitary symmetry, the large 
phase space available for this mode coupled with the breaking of the 
symmetry may account for the fact that -=- '6 -+ 1T .::_ has been seen. 
Table 6 M v , p, '[_I Al 2, and \ are the mass of the decaying meson, the momentum o, (:, 
in the final state, the sum over all charge states of the square of the 
decay amplitude, and the width for decay, respectively. The subscripts 
0 , f., indicate that the decaying meson has r = 1 - or 1 + • 
Table 7 We list here the low angular momentum systems that may be formed from 
an ace and an anti-ace. Certain resonances have been tentatively classi-
fied in this scheme. ( S • L > gives the expected value of the spin times 
the orbital angular momentum. It is tempting to conjecture that this is 































1/2 -1/2 0 -1/3 -2/3 ~12 
1/2 +1/2 0 -1/3 +1/3 1/2 
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a) 11 Strong 11 or per:b..sps 
very muoh stronger 
tha:i 11 strong". 





Type of Coupling for Representation of Decaying Baryon 
Baryon~ Baryon + Meson c=~~ge~~~======~~~;~=======~~ggg~~~== ============================ 
(+ + +) 0 F 0 
(+ - +) s (F+D)/2 T 
(+ + -) s (F+D)/2 -T 
(+ 
-








-A ~ p e v 
- -
.E ~ n e v 
'?._- ~ A e - v 
- 0 -~~.Eev 
+ -~o ~ .E e v 
.E- ~ A e -v 
oi ~ ~0 e-v 
- -0 -0 0 ~ ..:..0 e v 
Cabibbo Theory Ace Theory Experiment 
Branching Ratio Branching Ratio Branching Ratio Interaction (uni ts of 10-3 ) Interaction (units of 1 0 -3 ) Interaction (units of 10-> ) 
V-0.72 A o.75 V-A 0 .85 (input) V-1.o-0•7 A +0.3 o.85 ± n.09 
V+0.65 A 1.9 V-A 2.1 1.3 ± 0 .. 3 
V+0.02 A 0.35 V-A 1.2 2 .4- ± 1.4-
V-1~25 A 0.07 V-A 0.042 
) 
V-1.25 A 0.26 V-A 0 .13 




Baryon l~$l= 1 Leptonic Decays 
t' 
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ecays of My p r theory r exp. I 
=~g~~~======~~~~l=====~~~X~=====\r!;JJ==========~~~X2===· 
N -+ 1TN 1515 ± 3 452 80 (input) 80 y 
A -+ KN 1635? y 
E -+ 1T A 1 660 ± 10 y (KN) 
7 
-+ 1T -= 1770 ± 25 
-y = -




























Partial Widths of the y-Octet and 6'-Singlet 
{I 
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= M r r Decays of a P theory exp. 
===~g~~~=========~M~Xl======~~~Xl======~~\,Q========~~~Xl==== 









































































39 :!: 7 
< 1 .5 
7 :!: 2 
1686 Decays weakly into 1f.=- ,KA,KE?, ~ev, ::=:-0 µ v 
TABLE 5 






Decays of' Nonet 
:::::::=================== 
y, -1T 6'--'->r1T1T 
\... (K K) 
[ w 1T 
(cp 1T) 
r (rr 0 total) y. 
w 6'--'.> { (K K) y, 
f(p 1T) 
r (w 6' total) 
Y. 
Ky,6' ~ CK,,-) 
(K 77) 
(K*rr) 
[ (p K) 
(w K) 
r (K 0 total) y. 
<p 0 --'.> { (K K) y, 
( p 1T) 
[cwn) 
K*K+K*K 
r (cp 6' total) y, 

















E !Al 2 [ r (PP) t r (VP) r ( (2PP+VP)/3) I r 0 (VP) ' r y y y exp. •======~=i»J'Yl=== ,~~Yd~=r====i»J>YJ~===,===~"Yl======~'lk=== 
2 j 9n I I 61 
1 10 I 6 
I 
2 !100 33 100 
0 I 0 0 0 I 
I 
100 (input)]1oo (input) 
i 
100 (input) 100 (input) 100 ± 20 
1 10 i 6 ~ 
i6 6 ~3 2 122 320 
ii 
10 1362 128 320 
3/2 48 I 32 
3/2 18 12 
3/2 '76 25 95 
3/2 ! 18 6 40 
1/2 2 o.s 10 
66 96 76 115 
2 41 27 
0 0 0 0 
0 0 0 0 
4 11 4 57 
















[ 1T 1T 
(K K) 







r (K ,o total) 
77y, ,~ ! (K K) 









[ (=~~K*K . 
p EjAj 2 















r (PP) r .{VP) ~ ((2PP+VPJ73J r 0 (VP) r y y I y exp. 
====~=eJJ==== ~=CJ1=8JJ====4=====Q1=8JJ===== c_ ____ (M_e_yj ____ ==CJI=8JJ== 1-------------
I 
90 61 
10 I 6 
100 33 100 
0 0 0 




102 34 67 
39 13 48 
! 8 3 14 
73 149 98 129 
= 
62 41 
308 103 109 
3 I 1 6 
I 
2 o.6 10 
.tf total) 62 313 I 14€ I 125 < 60 I ,.., 




AA .;. 4 CJPG for m('1T) m(K) m( 77) or System <S•L> rr like number m( w) m( cp) 
18 
. - 3/8 + - - 135 494 548 0 0 
3s 
1 5/8 
-1- + 750 890 784 1019 
3p 
0 -11/8 
+o+ - 550? 725 775? 
1p 
- 3/8 -1+ + 1140? 1232 46 ) 1260? or 1 
1140? 1320? 
3p 
1 - 3/8 
+1+ - 1200 45 ) 1290? 1320? or 
1200 1370? 
3p 13/8 +2+ - > 1200? i/m 2 ( rr)+o. 22 I m2 ( '1T) +O, 29 or 2 
m( 1T) -.fffi2~ 
3D 
-19/8 -1- + 1220 1320? 1220? 1410 1 
1D + - -
- 3/8 2 > 1200? .frif7.. 1T)+O. 22 -.f m2 ( 1T) +O • 29 or 2 
m( 1T) nf(?T)+0.44 
3n 
- 3/8 -2- + > 1200? 
" " 2 
" 
II 









These deuces and treys correspond to the units from which all lmown 
particles are constructed. 
a. Members of the baryon octet are built from treys of this type. The 
shaded circles at the vertices are aces1 while the solid lines 
denote binding energies. In the unitary symmetric limit the three 
aces a, b, and c are indistinguishable, as shown. 
b. The decuplet baryons are formed from this type of trey. Octet and 
decuplet treys may have different ace bindings. 
c. This trey is used to construct the unitary singlet. 
d.,e. The deuces· shown correspond to members of meson octets and 
singlets in the limit of unitary symmetry. The open circles are 
anti-aces. 
Figure 2 We view the baryon octet with unitary symmetry broken by the strong 
interactions. One of the three aces has now become distinguishable 
from the other two. It is pictured as a shaded square. Mass splittings 
are induced by making the squares heavier than the circles. Since the 
same set of aces are used to construct all particles, mass relations 
connecting mesons and baryons may be obtained. 
Figure 3 After su3 has been broken by the strong and electromagnetic inter-
actions the baryon octet looks like thiso The three aces are now 
completely distinguishable from one another. If we assume that n 
0 
(the triangle) is heavier than p
0 
(the circle) and neglect shifts in 
binding energies due to the electromagnetic breaking of the symmetry we 
find the qualitatively correct result that within any charge multiplet, 
the more rregative the particle, the heavier the mass. 
Figure 4 These are the members of the barJon decuplet after unitary symmetry has 
been broken by the strong interactions. 
8419 
76. 
Figure 5 The decuplet has been Llrther resolved by the electromagnetic inter-
actions. 
Figure 6 The unitary singlet /\ (!J is constructed from this combination of treys. 
Fi,gure 7 The vector mesons are represented by these deuces. Note the LA.J and 
* ? masses are the same while the cp mass is twice the K mass minus 
either the W or mass. 
,, 
Figure 8 The isolated octet of pseudoscalar mesons is represented after su3 has 
been broken by the strong interactions and the Tr 0 has been removed. I I O 
Figure 9 We display the pseudoscalar mesons after 
strong and electromagnetic interactions. 
SU 3 has been broken by the 
*+ 
Fil2UI'e 10 This is a computation of the coupling for the decay cv -t K K-
*+ 
First we let the deuce representing K act on 0..J 
*+ (solid circle) of K 
as shown in 
and Note that the annihilates the 
(open circle) of w • is now allowed to act, as indicated in 
a. 
*+ 
that was partially annihilated by K The part of w 
destroyed by K-
that. the part of \...,0 
is now completely 
allrwing vacuum to be projected onto vacuum. Note 
*+ 
which could not be broken down by K remains 
unscathed b:y K- and does not contribute to the coupling. 
Figure. 11 We compute here the w w l couplingo 
Figu.re 12 The cf~ -1-1 coupling is zero~ as indicated. 
Figure 12 a., The coupling of 121 3 T T321D1 • 
b. The coupling of T211T D3 231 1 . 
Both a. and b. are +1 in F type coupling. In F + D coupling 
a, = 1 
' 
b, = -1 Le, the position of the dumb-bell determines the 
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